Introduction
For soldiers, it is necessary to be able to communicate even in a noisy environment. Communication systems based on bone conduction have been developed for some years. Vibrators, initially developed for hearing impaired people, are also used to allow communication when wearing ear plugs. Moreover, the production of a speech signal produces vibration in the bony structure of the head which may be recorded using accelerometers [1] . The main advantages of use of bone conduction microphones are:
Bone conduction microphones are less sensitive to environmental noise than classical acoustic microphones (especially in the low frequency domain). The Signal Noise Ratio (SNR) is better when using the bone conduction microphone than with a simple differential microphone.
Bone conduction microphones are compatible with head equipment like NBC masks. records have been realized in a reverberant room with pink noise at 87 dBA. Using the standard microphone the SNR is equal to 5 dB. On the other hand when using the bone conduction microphone the SNR is equal to 18 dB.
Due to the fact that it is less sensitive to the noise, intelligibility in noisy environments is better when using a bone conduction microphone than with a standard microphone. On the other hand in the absence of noise the intelligibility of the bone conduction microphones becomes worse. This is due to the fact that the bone conduction microphone distorts the speech signal. One of the goals of our study is to check if it is possible to use the microphones for automatic vocal recognition.
In order to evaluate the influence of the bone conduction microphone on speech recognition, a subjective and objective analysis on 10 French phonetic vowels was carried out.
Experimentation
Three speakers read 10 French vowels in an audiometric cabin. The speech signal was recorded simultaneously with a standard air microphone and two bone conduction microphones. The first bone conduction microphone is placed at the top of the head and the second at high right cheek. Each speaker was equipped with both bone conduction microphones and read a list of 10 vowels at a distance of 60 cm to a reference microphone (B&K ½").
The three speech signals were recorded simultaneously with a sampling rate of 24 kHz. Each speaker read a different list of the same vowels:
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Results of subjective test and discussion
In order to estimate the intelligibility of the vowels, a subjective test was carried out for one of the two bone conduction microphones. The test has been realized with the first bone conduction microphone placed on the high right cheek. About thirty listeners listened to the three series of vowels and noted the vowels which they recognized.
Acoustics 08 Paris
This experiment shows that the rate of recognition of the ten French vowels depends on speaker. The rate of confusion can be compared to a CVC score for which the relationship to speech intelligibility is described by Steeneken and Houtgast [2] . The rates depending on the speaker are:
83 % of recognition for speaker 1, rate which would be qualified "good" in a CVC (Consonant Vowel Consonant) test 63 % of recognition for speaker 2, rate which would be qualified "fair" in a CVC test < 50 % of recognition for speaker 3, rate which would be qualified "poor" in a CVC test [V] confused with [e] Confusion between the nasal vowels It can be concluded that the recognition of a vowel recorded with a bone conduction microphone depends on:
Confusion matrix
The speaker: indeed for speaker 1 (series 1) few confusions appeared (rate of recognition of 83%), on the other hand for speaker 3 (series 3) many confusions were observed (rate of recognition < 50 %). show that spectrograms recorded with the second bone conduction microphone differ from those recorded with the first bone microphone.
Comparison [u] [y] [i]
The common point between these two bone conduction microphones is that the high frequency components (> 2,5 kHz) are attenuated. On the other hand the second bone conduction microphone doesn't amplify the components between 2 kHz and 2,5 kHz. But even with the second bone conduction microphone the [i] is perceived as [y] . It would be necessary to look further into the study in order to determine if the location of the bone conduction microphone on the head has an influence on intelligibility. 
Conclusion
During the present study we have realized that recognition rate of vowels recorded with a bone conduction microphone depends on the speaker and on the vowel. It has been shown that for certain speakers the recognition rate is quite bad, whereas for others it may be satisfactory. It has been noticed that in the triangle of French vowels ( figure 2 ) only the central vowel shows for all speakers a satisfactory recognition rate.
When analyzing the vowels with large band spectrograms it has been seen that the frequencies in the range between 2 kHz and 2. To answer the question about the feasibility of using a bone conduction microphone for future functions such as automatic speech recognition,
In one hand:
Bone conduction microphones are less sensitive to environmental noise, the system will have a greater performances in strong environments.
They are compatible with head equipments such as NBC masks.
In an other hand, To be able to use the bone conduction microphones it is necessary to choose the vocabulary in a way that there are no ambiguities, i.e. not to choose words whose continuation of the vowels is the same one when considering that only 3 vowels ([a] [V] [y]) are recognized.
Future investigations will be realized to understand, the mechanisms leading to different spectrograms of the speech signals when recorded by bone or by air microphones the importance of the position of the accelerometer on the head.
